Bence Jones (1), in 1848, described an unusual protein present in high concentration in the urine of a patient suffering from multiple myeloma. Similar urinary proteins have subsequently been found in many cases of this disease, and are designated by the collective term "Bence Jones protein." They are characterized by their behavior when heated in solution, usually giving two identifying reactions if present in sufficient concentration (2, 3) : a) with the pH near 5, precipitation occurs between 450 and 60°C; b) subsequent heating to boiling causes complete or partial solution of the precipitate, which re-forms on cooling.
Studies of other physicochemical properties have given rather diverse results. Molecular weights in the range 24,000 to 90,000 have been calculated (4) , with a median about 44,000 (3) . Total and N-terminal amino acid analyses have given varying results (3, 5) . Despite this heterogeneity of the group as a whole, specimens from any one individual have usually tended to physical and chemical homogeneity (5) .
Recent studies of antigenic structure (6, 7) suggest that all Bence Jones proteins are antigenically related to the serum gamma globulins. In addition, any individual Bence Jones protein lacks some gamma globulin determinants, but possesses determinants unique for a group of Bence Jones proteins (7) and possibly for itself alone (8) .
There is lack of agreemient on conditions of occurrence of this protein in urine. A positive heat test has been said to be almost pathognomonic of multiple myeloma and to be present in about 50
per cent of cases of this disease (9) ; however, sporadic reports occur (10, 11) of detection of the protein by this method in other diseases. Immunochemical testing is reported to detect it in practically all cases of myeloma (12) , and in some cases of other diseases ( 13) . * Reginald Maney Lake and Amy Laura Bonamy Research Fellow. This paper describes attempts to detect Bence Jones protein by immunochemical means in normal serum and urine. An antiserum to gamma globulins 1 was used. Any protein detected by its reaction with this antiserum must be further characterized in order to distinguish gamma globulins, Bence Jones protein, and any other gamma-related protein. Criteria for such characterization were: heat stability at 550 C, solubility of heated products at 98°C, and diffusion coefficient.
The main investigation consists of studies of solutions of serum and urine protein, and of filtrates obtained from these at 550 and 980 C. Two preliminary experiments on gamma globulins and Bence Jones proteins were thought necessary to assess rates of denaturation at 550 C, solubility of denatured products at 980 C, and antigenic activity 2 of protein remaining in solution after heating at these temperatures.
MATERIALS AND METHODS
The protein solvent used extensively in this work consisted of 0.15 M NaCl-0.2 M, pH 5, sodium acetate buffer, 4: 1 vol/vol; this is subsequently referred to as 1 The antiserum was prepared to Cohn Fraction II, which contains about 80 per cent of the plasma gamma globulins. These globulins also occur in Fraction III-1 (14) , which was therefore included in physicochemical studies. The gamma globulins have a predominant component of sedimentation rate 7S and a minor component of 19S; these show some antigenic differences (15) .
Protein antigenically related to the gamma globulins, i.e., reacting with antibodies prepared to them, is designated "gamma-related." Gamma-related proteins are known to include 7S and 19S gamma globulins, myeloma serum globulins, pathological macroglobulins and Bence Jones proteins (3).
An antiserum to gamma globulins can be expected to react with all Bence Jones protein (7), although some of these may be antigenically distinct from each other (7, 8) , i.e., an antiserum to any single such pathological protein need not react with all others. 2 The term "antigenic activity" is used to refer to the degree of interaction of considered proteins with a given antiserum, interaction being estimated by precipitin, precipitin-inhibition or other method. 1192 "saline-acetate." "Sixty per cent saturated" ammonium sulfate implies 43 g of the salt per 100 ml of solvent, representing 60 per cent saturation at 20 C.
Serum gammna globulin fractions were obtained from Commonwealth Serum Laboratories, Melbourne, Australia. Bence Jones proteins (BJ1 to BJ6) were obtained from urines of 6 patients (selected from 18) suffering from multiple myeloma. The proteins were isolated by repeated precipitation with 60 per cent saturated ammonium sulfate.
Normal urine and serum were obtained from 7 healthy adults, A to E, males, and F and G, females. Urine was collected over a 24 hour period. After each voiding merthiolate was added to 0.01 per cent and the urine was immediately refrigerated. On completion of collection any deposits were removed by filtration, and concentration by ultrafiltration was begun immediately. When the residual volume had reached about 50 ml it was dialyzed against saline-acetate. Solid ammonium sulfate was added to 60 per cent saturation and the mixture equilibrated overnight at 20 C. The precipitate was packed by centrifugation and, if not used immediately, stored under moist conditions at 20 C. Two precipitates from Subject A contained 8.2 and 9.0 mg of nondialyzable nitrogen. Serum was obtained during the urine collection period. One ml was diluted to 10 ml with saline-acetate and the protein was precipitated and stored as detailed for the urine concentrates.
For use in Experiment 3 precipitates were dispersed in saline-acetate: those from urine in 1 ml, those from serum in 5 ml (but sometimes in different volumes, as indicated in the tabulated results). Any substance not dissolved after 2 hours at 370 C was removed by centrifugation. Serum precipitates dissolved readily with negligible insoluble residue. Urine precipitates dissolved incompletely, with a dark brown to black residuum usually containing less than 0.5 mg of nondialyzable nitrogen; the solutions were of deep brown color with a strong uriniferous odor. Proteins finally obtained in solution are subsequently referred to as "globulins."
Ultrafiltration was performed by a modification of the method described by Grant (16 (17) . Protein was precipitated by trichloroacetic acid and separated by centrifugation at at least 10,000 G for 15 minutes. To the precipitate was added a 4 per cent solution of Goa's Benedict reagent in 3 per cent NaOH. The absorbance at 350 mA was read after 15 to 60 minutes. The amount of protein was then determined from a curve constructed from gravimetric fraction II-1, 2 standards. For estimation of insoluble protein the biuret reagent was added directly to washed precipitate, which always dissolved readily.
Antisera to Fraction II were prepared in rabbits by single 4 week courses of intravenous alum-precipitated protein as recommended by Kabat and Mayer (18) . Sera were decomplemented with bovine serum albumin (BSA) -antiBSA specific precipitate and stored at -300 C. Results presented in this paper were obtained by using a single pool of 6 sera. By the immunoelectrophoretic technic (19) this pool contained antibodies only to the gamma antigenic group among the serum proteins.
Precipitin tests in agar gel, using the double diffusion plate method, were performed essentially as described by Ouchterlony (20). Reservoirs were filled only once. Quantitative precipitin tests were porformed as detailed by Kabat and Mayer (18) , except that precipitates were estimated by a biuret instead of a Kjeldahl method.
Analyses of supernatants for free antigen or antibody were carried out by precipitin tests on Ouchterlony plates.
The precipitin-inhibition test consisted of incubating an excess of antiserum with the sample of unknown antigenic activity and subsequently titrating residual antibody; titration involved assessing how much Fraction II had to be added to a given volume of antiserum in order just to produce antigen excess. One ml of the unknown preparation (made up to final volume with phosphatebuffered saline to bring the pH to 7.0 ± 0.2) was incubated with 1 ml of antiserum at 370 C for 1 hour, then at 20 C for 24 hours. Precipitate was spun off and 0.2 ml lots of the supernatant were added to a series of tubes containing amounts of Fraction II in geometric progression with common ratio 1.2. The tubes were incubated and antigen excess then sought by precipitin tests on Ouchterlony plates.
Heating and filtering were standardized as follows. Solutions in narrow tubes were placed in a water bath kept at the indicated temperature; timing was begun from this moment. The tubes were stoppered after an interval allowing the contents to approach ambient temperature and were intermittently agitated. All filtrations were through Whatman no. 542 paper in an oven held within the indicated temperature range; funnels were covered to minimize evaporation. Filtering of urine globulins at 980 C had to be assisted by slight suction; the same degree of suction was applied for the serum globulins.
RESULTS
Bence Jones proteins and gamma globulins; heat stability and solubility of heated products.
These results describe essentially endpoints attained in the overall reaction (dissolved protein =_ Table I sets forth the results of heating and filtering at 550 C for durations used in Experiment 3. Effects of varying the duration of heating were studied by removing solutions from the water bath at intervals, chilling, and centrifuging in the cold. Precipitation of most Bence Jones proteins reached a plateau at about 40 minutes, the extent of precipitation being similar to that shown in Table I ; maximal precipitation of BJ2 required 160 minutes. Table II shows the results of heating and filtering at 980 C, again for durations used in Experiment 3. Material used for the experiment depicted in Table III was obtained by heating the indicated protein at 700 C and washing the resulting precipitate with saline-acetate at room temperature; in no case was much precipitate lost in washing. The precipitates were suspended in sa- Turbidity on heating at 550 C occurred as indicated in Table IV ; the deep brown color of urine solutions prevented detection of slight turbidity. On heating in a boiling water bath flocculent precipitate appeared, in greater density in the serum solutions; filtrates from both solutions were clear and did not become turbid on cooling.
Agar precipitin patterns are shown in Figures  5 and 6 . Unheated serum globulin solutions gave the heaviest precipitate in a narrow, straight zone. In addition, a second band, farther from the antiserum reservoir and convex to it, was usually discernible. This pattern remained unchanged after heating and filtering at 550 C. Filtrates obtained at 980 C never gave a visible precipitate.
Unheated urine globulins also gave a straight zone of precipitate. A second zone always occurred nearer the antiserum reservoir and concave to it; this consisted either of one broad band or of two parallel bands with little separation.
Heating and filtering at 550 C regularly changed this pattern: the curved zones of precipitate became less dense and of less obvious curvature, and moved closer to or merged with the straight zone.
With filtrates obtained at 98°C only the curved zone of precipitate appeared. This was always present, was similar to but fainter than the curved zone formed by unheated solutions, and gave with this zone a "reaction of identity" (20).
Precipitin-inhibition tests provided semiquan-01-~4 t ' ) ) 9 e , 7°0~. titative confirmation of the above findings. Results using unheated solutions and 550 C filtrates are presented in Table IV . For each sample, the extents of precipitin-inhibition by equal volumes of unheated and heated solutions are compared. Serum globulins usually and urine globulins invariably showed decreased antigenic activity after heating. In the serum-urine pairs tabulated, urine components showed the greater decrease with significant frequency [p = 0.03 (21)]. Serum globulin filtrates obtained at 980 C never caused detectable precipitin-inhibition. Corresponding urine globulin filtrates (three from A, one from each other subject) gave detectable inhibition in all cases except that from F. Some miscellaneous studies tested the possibility that observed differences between urine and serum gamma-related proteins could be due to dilution of gamma globulins or to urinary proteolytic action. Some sera (Al, A2, C) used in the above experiments were initially diluted 2,000-fold with buffered saline and then treated as detailed for urines. No differences were detected between these preparations and those in which this large dilution was omitted. Addition of 2 ml of serum or of 50 mg of Fraction II to 24-hour urine volumes, followed by incubation for six hours at 370 C, did not increase the amount of gammarelated protein subsequently found in 980 C filtrates of globulin concentrates. In each case there was a decrease, suggesting increased absorption by the greater amount of precipitate forming at 980 C.
Recoveries of urinary gamma-related protein soluble at 980 C were attempted after adding varying amounts of urine globulin solution to a serum globulin solution (globulins from 1 ml of serum in 2.5 ml of saline-acetate). At least a 12 hour output of urine globulin had to be added for subsequent 980 C filtrates to give a detectable precipitate with the antiserum in agar.
DISCUSSION
Filterings at 550 and 980 C were employed for their differential effects on concentrations of Bence Jones proteins and gamma globulins in Antigen g9 Cadded to 0.25 ml antiserum) + * "Serum" refers to serum globulins dissolved in 5 ml of saline-acetate, "urine" to Lirine globulins dissolved in 1 ml.
The solvent volume differed in some samples; for these, milliliters of solvent are indicated in brackets.
t Apart from Samples A3 and A4, the volumes of both unheated and heated solutions which were incubated with 1 ml of antiserum represented 0.1 total sample volume for urines, 0.02 total sample volume for sera. These were made up to 1 ml with phosphate-buffered saline. (24) appeared, from isotopic studies, to originate from the serum gamma globulins.
SUMMARY
In attempts to detect micro-amounts of Bence Jones protein, or of protein resembling it, advantage was taken of reports that all Bence Jones proteins react with antisera to gamma globulins. Experiments were planned so that protein detected by reaction with such an antiserum could be further characterized by heat stability at 550 C, solubility at 980 C, and diffusion coefficients.
Two preliminary experiments provided information on the behavior of serum gamma globulins and Bence Jones proteins at 550 and 980 C. Evidence was obtained from macroscopic behavior on heating and from immunochemical studies of heated products, that heat denaturation of Bence Jones proteins may be largely reversible.
Evidence was found of the presence, in normal urine, of protein which resembles Bence Jones protein in reacting with antibodies to gamma globulin, having a similar diffusion coefficient and having a relatively high solubility at 980 C. Studies after heating at 550 C, although inconclusive, were consistent with a further resemblance to Bence Jones protein in that the protein was readily denatured at this temperature.
